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ABSTRACT

The mechanisms associated with tropical cyclone recurvature are investigated using a five-level primitive
equation model and an idealized environment with characteristics observed in cyclone recurvature conditions.
All cyclones moved generally with the flow in the lower and middle troposphere, but the precise motion occurs
by a combination of divergence and of advection in both the horizontal and the vertical. The horizontal advection
arises from a combination of the initial environmental flow and local changes from rearrangement of the potential
vorticity field by cyclone—environment interaction (the so-called 8 effect). The balance between these mecha-
nisms changes as the vortex recurves. Since the gradients of potential vorticity increase sharply poleward of the
subtropical ridge, this is the preferred region for development of an anticyclonic gyre. This gyre is advected
eastward and becomes the dominant anticyclonic system. Recurvature is aided by horizontal deformation of the
cyclone in the vicinity of this gyre, and by the manner in which the vertical tilt of the vortex and local divergence
fields vary as it moves through a changing vertical wind shear of the environment. Recurvature is sensitive to
the degree of diabatic heating and to small meridional changes in the initial vortex location.

It is shown that recurvature can occur through an initially unbroken subtropical ridge, but that the presence
of a midlatitude trough substantially enhances the potential for recurvature. However, while changes in the upper
troposphere are indicative of recurvature potential, recurvature is accomplished largely by lower-tropospheric
changes. An important component of this change is the development of a major anticyclone poleward and
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eastward of the cyclone. A recent observational study by Ford et al. concurs with this finding.

1. Introduction

Determining whether a tropical cyclone will recurve
is a major forecast issue and most of the major track
forecast errors occur in potential recurvature conditions
(e.g., the annual reports from the Joint Typhoon Wam-
ing Center, Guam). For example, although cyclones
normally move westward while equatorward of an un-
broken subtropical ridge, occasionally they move
straight through the ridge. Major forecast failures are
often associated with *‘stair-stepping’’ and ‘‘looping,”’
where a cyclone starts to recurve but then continues on
a westward course.

Several observational studies have indicated the im-
portance of interactions both with the subtropical ridge
and with upper-tropospheric troughs in the midlatitude
westerlies. George and Gray (1976) analyzed the
changes in environmental wind fields prior to recur-
vature and found that the 200-hPa wind fields were

Corresponding author address: Dr. Greg J. Holland, Bureau of
Meteorology Research Centre, GPO Box 1289K, Melboume, Vic-
toria 3001 Australia.

© 1995 American Meteorological Society

significantly stronger from the west for recurving cy-
clones than those of the nonrecurving cyclones, and
that these winds increased up to three days before re-
curvature. Chan et al. (1980) made a similar documen-
tation of the characteristics of the environment of cy-
clones undergoing turning motion. These results are
supported by later studies by Hodanish and Gray
(1991) in which the cyclones began to recurve 1-2
days after westerly zonal winds in the upper tropo-
sphere penetrated to within 650 km of the cyclone cen-
ter. Tropical cyclones that did not recurve experienced
easterly zonal winds in this region.

An important finding from the composite analy-
sis by George and Gray (1976) is that nonrecurv-
ing cyclones typically occur on the equatorward
side of the easterly wind maximum in middle levels.
As noted by Evans et al. (1991) and Holland and
Evans (1992), this is a region of low, or perhaps
reversed potential vorticity gradient so that the pole-
ward ‘B drift’’ is inhibited. However, the recurving
cyclones studied by George and Gray were located
on, or poleward of the easterly wind maximum
up to 3 days before recurvature. In this study
we specifically address the recurvature potential of






